SUMMARY The concentrations of nitrite and thiocyanate in fasting and pentagastrin stimulated gastric juice and in saliva have been examined. Nitrite was found in all of 17 samples of fasting gastric juice, mean 4 9 ± 11 ,tM. Stimulation of gastric secretion with pentagastrin caused no significant change in nitrite concentration. Thiocyanate was detected in all of 21 samples of fasting gastric juice and the difference in concentration between smokers and non-smokers probably reflects similar differences in saliva. In contrast to the nitrite data there was a significant drop in thiocyanate concentration of gastric juice after pentagastrin from 0 9 ± 0 1 mM to 0'3 + 0 04 mM, suggesting a salivary origin for the thiocyanate in gastric juice. Thiocyanate is a powerful catalyst of nitrosation, which, together with small amounts of nitrite and naturally occurring amines could lead to the intragastric formation of carcinogenic nitrosamines and in certain circumstances be a factor in the aetiology of gastric cancer.
The N-nitroso compounds are powerful carcinogens in most animal species tested (Magee and Barnes, 1967) and have been suggested as likely environmental carcinogens in man (Lijinsky and Epstein, 1970) . The oral feeding of N-methyl N-nitro N-nitrosoguanidine has been shown by Japanese workers to cause stomach cancer in dogs (Fujita et al., 1974) and rats (Fukushama, 1973) . Nitrosamines may be formed in foods and subsequently ingested, and may be produced in vivo in the mouth (Tannenbaum et al., 1974 ) the urinary bladder (Hawksworth and Hill, 1974) , and the stomach of rats fed with nitrite and nitrosatable amines (Lijinsky et al., 1973) . The nitrosation of secondary amines with nitrite to produce nitrosamines has been shown to occur in vitro in human gastric juice (Sen et al., 1969) and this has supported speculation about a possible role for nitrosamines in the aetiology of human gastric cancer.
The rate of nitrosation is influenced by nitrite concentration (Mirvish, 1970) , pH (Mirvish, 1970) , bacteria (Hawksworth and Hill, 1971) and by certain inorganic ions. Nitrite was reported to be present in 'detectable quantities' in the acid fasting gastric juice of normal subjects who smoked three cigarettes during two hours of continuous gastric aspiration (Schweinsberg, 1974) . However, this was not confirmed by the same workers who were able Received for publication 4 August 1976 to detect nitrite in neutral gastric juice only (Schweinsberg et al., 1975) . However, nitiite is undoubtedly present in saliva, presumably as a result of bacterial reduction of nitrate, as pure parotid duct saliva is free of nitrite (Tannenbaum et al., 1974) .
Thiocyanate is a potent catalyst of nitrosation (Boyland and Walker, 1974) and is also normally present in saliva (Langman et al., 1966) and its presence in gastric juice has therefore been assumed (Boyland and Walker, 1974) .
This study was initially undertaken to establish whether nitrite and thiocyanate are present in gastric juice, and subsequently extended to measure the concentrations of nitrite and thiocyanate in saliva, as a possible source of that found in gastric juice.
Methods

PATIENTS
The nitrite and hydrogen ion concentrations in the fasting gastric juice of 17 consecutive patients undergoing routine pentagastrin tests in the course of gastrointestinal investigation were measured. Ten patients had chronic duodenal ulcers, three had chronic gastric ulcers, including one with additional duodenal ulcer, and in five patients no evidence of gastroduodenal ulcer was found. No patient had gastric cancer. Of these 17 patients 12 were smokers, defined as taking at least 10 cigarettes or the equivalent amount of tobacco per day, and five were nonsmokers. Of the smokers eight had duodenal ulcer, two had gastric ulcer, and two were normal subjects-that is, they had no gastroduodenal pathology-and of the non-smokers one had duodenal ulcer, one had both duodenal and gastric ulcer, and three were normal subjects. There were 14 men and three women and the mean age was 47 ± 5 years. The fasting gastric juice was aspirated via a nasogastric tube before a standard pentagastrin test, using 6 ,ug pentagastrin per kg body weight. The nitrite and hydrogen ion concentrations of 15 minute collections of gastric juice to 90 minutes were measured.
The thiocyanate concentrations were measured in fasting and pentagastrin stimulated gastric juice of 21 patients, comprising the initial 17 patients and four others in whom there was insufficient gastric juice for the nitrite assay. Of these 21 patients there were 16 smokers, comprising nine with duodenal ulcer and three normal subjects; and five were non-smokers, of whom three were normal subjects, one had duodenal ulcer, and one had both duodenal and gastric ulcer. There were 17 men and four women and the mean age was 43 ± 7 years.
No analysis of the results in terms of age and sex was attempted in view of the small number of females, and major diagnostic differences in different age groups.
After detecting both nitrite and thiocyanate in gastric juice we proceeded to examine specimens of saliva as a possible source. The nitrite concentration in saliva was measured in 19 subjects, consisting of nine of the patients undergoing pentagastrin tests and 10 normal volunteers. The thiocyanate concentration in saliva was measured in 18 subjects, consisting of nine of the patients undergoing pentagastrin tests and nine normal volunteers. In five subjects the salivary nitrite concentration before and after pentagastrin was measured, and in four subjects the salivary thiocyanate before and after pentagastrin was measured.
PROCEDURE
Approximately 10 ml of saliva was collected by expectoration into a sterile tube after overnight fasting. For the pre-and post-pentagastrin studies saliva was collected in the same way for approximately 15 minutes before the pentagastrin, and for approximately one hour after the injection. All specimens were kept at -20°C until assayed.
For the nitrite assay a 4 ml sample of gastric juice, or 2 ml of saliva, was buffered to pH 9 4 with 5 % borax buffer in deionised water. The sample was deproteinised using zinc sulphate in dilute acetic acid, and potassium ferrocyanide in deionised water (Adriaanse and Robbers, 1969) . The diazotisation of sulphonilamide was measured by coupling with 0-1 % NED (N-(1-napthyl)-ethylenediamine hydrochloride) (Shinn, 1941) . Great care was taken to ensure freedom from contamination with nitrite of each batch of reagents and diluents. The coefficient of variation of the differences between duplicate assays of 52 specimens of gastric juice was 15 %.
For the thiocyanate assay 2 ml 0-1 M ferric alum was added to 1 ml saliva, or 6 ml 0.1 M ferric alum to 3 ml gastric juice (Johnson, 1916) . The solutions were filtered through glass fibre paper and read on the Unicam SP 500 spectrophotometer at 450 nm against a blank of 1 ml distilled water with 2 ml Ferric alum. A standard curve was prepared using 0 5 to 2 mM potassium thiocyanate. Hydrogen ion was measured by titration to pH 7-4. All determinations were performed in duplicate and the mean value taken. Student's t test was used to calculate the significance of differences between groups of measurements.
Results
STUDIES ON GASTRIC JUICE
Nitrite was present in all 17 samples of fasting gastric juice and the mean concentration was 4-9 ± 11 uM (mean ± SEM). The mean nitrite concentration in 12 smokers, 4-4 ± 1 6 ,uM did not differ significantly from five non-smokers 5 2 ± 1-5 uM. After pentagastrin stimulation there was the anticipated increase in volume and hydrogen ion concentration of gastric juice. In these 17 patients the mean hydrogen ion concentration increased significantly from a basal level of 54 ± 6-8 mM to a maximum of 116-2 ± 4-5 mM at 45 minutes (p < 0-01). The volume of gastric juice, expressed as millilitres per 15 minutes, increased from a mean basal level of 21 2 ± 2-4 to a maximum of 88-8 ± 10-8 ml at 15-30 minutes (p < 0001). However, there was no significant change from the basal level in the mean nitrite concentration throughout the whole period of stimulation (Fig. 1) . The minimal nitrite concentration was 4.5 ± 1 0 MuM, at 45-60 minutes, and the maximal nitrite concentration was 5 8 ± 1 3 uM at 75-90 minutes.
Thiocyanate was present in the fasting gastric juice of all 21 subjects examined, at a mean concentration of 0-9 ± 0(1 mM. The mean thiocyanate level in 16 smokers, 1 1 ± 01 mM was significantly greater than in five non-smokers, 0 4 ± 01 mM (p < 0-02). After pentagastrin stimulation the mean basal thiocyanate concentration fell significantly from 0 9 ± 0 1 mM to a minimum of 0 3 ± 0 04 mM at 30-45 minutes (p < 0 01). At the same time the volume of gastric aspirate increased significantly from 20-5 ± 2-2 ml per 15 minutes to a maximum of 86 1 ± 9-8 ml per 15 nminutes (p < 0.01) (Fig. 2) .
STUDIES ON SALIVA
Nitrite was present in the fasting saliva of all 19 subjects examined, mean 100-4 ± 12-4 ,uM. The salivary nitrite concentration of 10 smokers, 101 2 ± 18-1 ,uM was not significantly different from that of nine non-smokers, 99-6 ± 18 uM.
In five subjects in whom the pre-and postpentagastrin salivary nitrite was measured, the mean pre-pentagastrin level 74 5 ± 9.7 ,uM did not differ significantly from the mean post-pentagastrin level 74-3 ± 13-9 ,tM.
Thiocyanate was detected in all 18 specimens of saliva examined, mean concentration 1 6 ± 0 3 mM. The salivary thiocyanate of nine smokers 2 3 ± 0-4 mM was significantly greater than that of nine non-smokers, 0 9 ± 0 1 (p < 0 01). In four subjects the pre-pentagastrin salivary thiocyanate concentration 0-9 + 0-2 mM did not differ significantly from the post-pentagastrin concentraticn 0 9 ± 0 1 mM.
Discussion
Interest in possible nitrosamine carcinogenesis in man has focused on the ingestion of exogenous nitrosamines formed in certain foodstuffs and during cooking, and the theoretical dangers of a high dietary intake of nitrate or nitrite (Hill et al., 1973) . This study establishes that small amounts of nitrite, an essential precursor to nitrosamine formation, are present in fasting and stimulated gastric juice, together with thiocyanate. a powerful catalyst of the nitrosation reaction. Potentially nitrosatable amines are also found in normal gastric juice (Heathcote and Washington, 1965) , suggesting the possibility of intragastric nitrosamine formation from entirely endogenous substrates.
We Clendinnen et al. (1970) have shown no effect on salivary flow in the dog after intravenous infusion of pentagastrin, and we have shown no change in salivary nitrite concentration after pentagastrin. This suggests that a purely salivary origin for the nitrite in fasting and stimulated gastric juice is unlikely, although it may be a contributory factor. Active gastric secretion of nitrite could explain these results, or the maintenance of a steady low nitrite concentration may represent an equilibrium value that is established in the physiochemical environment of acid gastric juice, by the interaction between nitrite and other reactive substances such as amines and urea.
Thiocyanate was also present in all samples of fasting gastric juice and the overall mean concentration was 09 mM. Thiocyanate is a poweiful catalyst of nitrosation, and a thiocyanate concentration of 1 mM reduces the optimal pH for the in vitro nitrosation of N-methylaniline from pH 3 to 1-5 and accelerates the reaction by 550 times (Boyland and Walker, 1974) . Thus if nitrosation is occurring in vivo the concentration found in gastric juice will greatly increase the reaction rate.
The thiocyanate level in the gastricjuice of smokers was approximately twice that in non-smokers, and the same relationship was found in saliva, presumably due to absorption and metabolism of cyanide compounds in tobacco smoke (Boyland and Walker, 1974) . This suggests that the higher concentration of thiocyanate in the gastric juice of smokers is a reflection of salivary differences, and that swallowed saliva is the source of gastric thiocyanate. This hypothesis is supported by secretory data. The mean volume of gastric aspirate increased by a factor of 4-2 after pentagastrin. Assuming that this indicates the increased rate of gastric secretion, then a drop in thiocyanate concentration from the basal level of 0 9 mM to 0-2 mM would be produced by simple dilution, compared with the measured minimum of 0 3 mM. This difference could be accounted for by small amounts of saliva swallowed during the test. These findings suggest that the thiocyanate present in gastric juice is exogenous, and probably salivary in origin.
Cigarette smoke contains oxides of nitrogenwhich could theoretically contribute to the nitrite content of saliva and gastric juice (Boyland and Walker, 1974) . However, we have shown no difference between smokers and non-smokers which suggests that smoking does not increase the nitrite concentration of gastric juice, while epidemiological studies show that smokers do not carry an increased risk for gastric cancer (Zacho et al., 1971) . The significance of small amounts of nitrite in gastric juice is difficult to assess, but the presence of thiocyanate may increase the possibility of nitrosamine formation. The lowest concentration of nitrite so far shown to produce a measurable amount of nitrosamines in body fluids is a salivary concentration of 60 ,uM (Tannenbaum et al., 1975) . There was no correlation between nitrite and hydrogen ion concentrations in the acid pH range we have studied, but a high nitrite concentration has been reported in neutral gastric juice (Schweinsberg, 1975) . This may contribute a carcinogenic risk by allowing intragastric nitrosation to occur. The yield of nitrosamines depends on nitrite concentration (Mirvish, 1970) and may be further stimulated in the neutral stomach by bacterial catalysis (Hawksworth and Hill, 1971 
